Abstract. Based on Peng's method (1988), we obtain scaleheights of 486 southern spiral galaxies, the images of which are taken from the Digitized Sky Survey 1 at Xinglong Station of Beijing Astronomical Observatory. The fitted spiral arms of 70 galaxies are compared with their images to get their optimum inclinations. The scaleheights of other 416 ones are listed in Table A1 in Appendix. After compiling and analyzing the data, we find some statistical correlations. The most interesting results are that a flatter galaxy is bluer and looks brighter, and galaxies become flatter along the Hubble sequence SabScd.
Introduction
The scaleheight of a galactic disk is certainly a very important attribute of a spiral galaxy. There are two wellknown approaches to estimate the parameter. The one suggested by van der Kruit & Searle (1981 , 1982 ) is for edge-on spirals. The other one is for non-edge-on spiral galaxies, which are the majority of spirals, proposed by Peng (1988) . The latter is useful and rather simple as long as spiral arms are distinguishable on their images. As a test for his method, Peng measured the Send offprint requests to: J. Ma, e-mail: qhpeng@nju.edu.cn Table A1 is available in electronic from only, via anonymous ftp 130.79.128.5 or http://cdsweb.u-strasbg.fr/Abstract.html 1 Based on photographic data of the National Geographic Society -Palomar Observatory Sky Survey (NGS-POSS) obtained using the Oschin Telescope Palomar Mountain. The NGS-POSS was funded by a grant from the National Geographic Society to the California Institute of Technology. The plates were processed into the present compressed digital form with their permission. The Digitized Sky Survey was produced at the Space Telescope Science Institute under US Government grant NAG W-2166. scaleheights of four spiral galaxies (NGC 628 (M 74) , NGC 5236 (M 83), NGC 5194 (M 51), and UGC 2885).
The main points of Peng's method (1988) in present paper are:
1. Changing the grey-scale of the image of a galaxy, finding the position of the innermost point of the spiral arm and measuring its coordinates (ρ 0 , θ 0 ) from the galactic center, 2. Assuming different inclinations (γ, i.e. the angle between the galactic plane and the tangent plane) near the value of arccos (d 25 /D 25 ) and fitting the spiral arm starting from that innermost point with a logarithmic spiral curve to get its wounding parameter (Λ), 3. Determining the optimum inclination and the corresponding wounding parameter by comparing the fitted spiral arm with the image. Figure 11 gives an example how to use Peng's method, we fit NGC 1096 with the optimum inclination (γ = 17.3
• ) and wounding parameters (Λ 1 = 10.24 and Λ 2 = 9.82, corresponding to two arms), 4. The scaleheight of the galactic disk, h in arc-minute, may be calculated by
where m is the number of the arms. 5. The scaleheight of the galactic disk, H in kpc, is
here d is the distance of the galaxy from the Galactic Center,
where H 0 is the Hubble constant taken as 75 km/s/Mpc, v GSR , taken from the Third Catalog of Bright Galaxies by de Vaucouleurs et al. (1991, RC3) , the weighted mean radial velocity of the radio and optical redshifts of the galaxy corrected to the Galactic Center. This paper presents our estimation of scaleheights for 486 southern spiral galaxies selected from more than 1500 ones whose images are taken from the Digitized Sky Survey. All these galaxies are the grand design spiral ones with Arm Classification ≥ 5 (Elmegreen & Elmegreen 1987) . Since there are usually two arms in a galaxy, the arm with the minimum ρ 0 is picked up for measuring the scaleheight.
Our data reduction and analyses were done on the Sun Workstation installed with IRAF software.
Samples and measurement
Our statistical sample contains 70 galaxies, selected from more than 500 southern spirals with (B − V ) 0 T (i.e. the total color indexes corrected for differential galactic and internal extinction (to "face-on") and redshift between B and V bands) in RC3 according to one single criterion: they have distinguishable spiral arms. The mean numerical Hubble stage indexes (T ) of these galaixes are from 2 to 6, and log(D 25 /d 25 ) less than 0.76. D 25 and d 25 , taken from RC3, are the apparent major and minor isophotal diameters measured at or reduced to the surface brightness level µ B = 25.0B-m/ss. It is well known that d 25 /D 25 is usually the approximate value of cos γ. Following Peng's method, we have adjusted the value of γ around arccos(d 25 /D 25 ) in order to do the fitting well, meaning that the inclination of a galaxy may be derived by well-fitting the spiral arms with a logarithmic spiral curve on its image. The resulting inclinations for these galaxies are listed in Table 1 . The errors of our estimation mainly come from: a) the position of starting point for an arm; b) the inclination of a galaxy; c) the position of the galactic center. The errors from the position of the starting point and of the center, however, can be decreased if the grey-scale of an image is modified properly by using IRAF to obtain the fine structure of a galaxy as deeply as we could have. The error estimations are derived from the formulae given by Peng (1988).
Table of scaleheights of galaxies
The scaleheights (H) of 70 southern spiral galaxies and their relative errors are listed in Table 1 . At the same time, some parameters of these galaxies are also included, where m is the number of the arms in a galaxy, T the mean numerical Hubble stage index of a galaxy, γ the inclination of a galaxy, Λ the wounding parameter of a spiral arm, µ (= arctan (m/Λ)) the pitch angle of a spiral arm, h the apparent scaleheight of a galaxy, d the distance of a galaxy from the Galactic Center, H/D 0 the flatness of a galaxy (D 0 is the isophotal major diameter corrected to the "faceon" (γ = 0
• ), and for Galactic extintion to A g = 0, but not for redshift). The equations of the regression are The regression coefficients, and their errors are given in Table 2 . r in Col. 5 of Table 2 is the correlation coefficient and r α (α=0.01) the lowest correlation coefficient.
From Figs. 1 and 3, one could see a trend that flatter galaxies are bluer, and the strong correlation is encouraging. A similar tendency can be found from Figs. 2 and 4 that the smaller the scaleheight of a galaxy is, the bluer Figure 7 shows the correlation between flatness of spiral galaxy and the total "face-on" magnitude B 0 T , taken from RC3, corrected for Galactic and internal absorption and for redshift in the B system. The correlation of scaleheight of spiral with B 0 T is shown in Fig. 8 . It is interesting to find that the flatter galaxies look brighter, and that the smaller the scaleheight of a galaxy is, the brighter the galaxy looks. 3. Dependence on Hubble type.
The tightness of the spiral pattern, in addition to the disk resolution and bulge-to-disk ratio, are the fundamental criteria in Hubble's (1926) classification of spirals. It would be suggestive to see the dependence of flatness of spiral galaxies on the Hubble types, which is shown in Fig. 9 . Although the scatter is quite significant, one can still find a trend that spirals become flatter along the Hubble types Sab -Scd. Part of this scatter can be attributed to the estimated dispersion of flatness among the individual galaxies themselves. An additional dispersion of comparable magnitude is expected from the discrete binning of the measured Hubble types. Kennicutt (1981) has already noted that different Hubble classifications based on different weighting of arm morphology of disk resolution will lead to inconsistencies if the data sets are indiscriminately mixed. On the other hand, we have not found any correlation of scaleheights of spirals with T , as Fig. 10 indicates.
Summary and conclusion
The primary purpose of this paper is to estimate scaleheights of 486 southern spiral galaxies by Peng's method and to explore the correlation between the flatness of a spiral galaxy and the color index. At the same time, we found some other statistical correlation between flatness of spiral galaxy and the total "face-on" magnitude in the B system, and so on. Our main conclusions are that flatter galaxies are bluer and look brighter and that spirals become flatter along the Hubble sequence Sab − Scd.
